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Description 

[0001] This invention relates to the generation of clock 
signals, and more particularly is directed to internal 
clock generation and distribution schemes in integrated 
circuits. 

[0002] Many modern integrated circuits are of the syn- 
chronous type, such that their internal operation is gov- 
erned by an external clock signal. Examples of high 
density, high speed clocked logic circuits include micro- 
processors, microcomputers, math co-processors and 
the like; of course, other simpler circuits such as memo- 
ries and smaller scale logic circuits may also be gov- 
erned by externa! clock signals. Clock signals may be 
generated in systems using these circuits by way of a 
stand-alone crystal oscillator circuit, or by connection of 
a crystal to terminals of the clocked logic device itself in 
the case where the oscillator is integrated onto the 
same integrated circuit chip with the logic function. 
[0003] As is well known in the art, the rate at which a 
clocked integrated circuit performs its function is gener- 
ally highly dependent upon the frequency of the clock 
signal. Especially in digital circuits, this is because the 
internal chip functions are either directly or indirectly 
(via frequency dividers, phase-locked loops and the 
like) controlled by the received clock signal. As such, for 
the example of a microprocessor, the number of instruc- 
tions performable by the circuit in a given period of time 
wili vary with the frequency of the clock signal. 
[0004] Particularly in complex clocked circuits such as 
microprocessors and math co-processors, the perform- 
ance of certain circuit functions may depend on the 
clock frequency while the rate at which other functions 
are performed may be limited by other factors. For 
example, certain input-output functions may be limited 
by bus interface specifications rather than the clock fre- 
quency, while the speed of core or CPU functions will 
likely depend directly on the clock frequency. It is there- 
fore beneficial in such circuits to provide high frequency 
clocks to certain portions of the circuit (e.g., the CPU or 
core of a microprocessor), with lower frequency clocks 
being provided to other portions (e.g., the bus inter- 
face). In the field of microprocessors, this desired result 
is generally referred to as "clock doubling", particularly 
in the case where the core clock is operating at twice 
the rate of the bus interface clocks. 
[0005] A conventional circuit for deriving clock signals 
at various frequencies from an input clock signal is the 
combination of a phase-locked loop (PLL) and one or 
more frequency dividers. In this arrangement, the PLL 
provides stability in the generated output clock signals 
relative to the input clock, while the ratio of the fre- 
quency dividers in the output and feedback loops deter- 
mines the relative frequency between the output clock 
signals and the input clock. However, a PLL circuit can- 
not instantaneously respond to a change in the input 
clock frequency, as several transition cycles may be 
necessary to lock onto a new input clock signal fre- 



quency. The ability to rapidly change the internal operat- 
ing frequency has become important in recent years 
with the advent of "turbo" mode personal computers 
and workstations, in which a faster clock rate (e.g., 20 
5 MHz instead of 8 MHz) is enabled by the user via a 
hardware switch. The transient cycles required for PLL 
circuits to lock onto a new frequency thus can cause 
erroneous system operation when turbo mode is 
selected or deselected. 
10 [0006] In addition, PLL-based circuits are generally 
limited in operating power supply voltage range (prima- 
rily due to the operation of the voltage controlled oscilla- 
tor), and as such are not well-suited for use in circuits 
that are to operate over a wide power supply voltage 
15 range. As modern fabrication technology continues to 
reduce physical feature sizes such as transistor channel 
lengths to well below one micron, it is contemplated the 
use of lower power supply voltages (e.g., 3.3 volts) will 
become more prevalent in order to avoid reliability prob- 
20 lems, such as the hot electron effect. It will therefore 
become increasingly important for large scale inte- 
grated circuits to be able to operate at lower power sup- 
ply voltages, and perhaps over a range including both 
the conventional 5 volt power supply voltage and the 
25 lower 3.3 volt power supply voltage. 

[0007] Another known technique for providing different 
clock frequencies to different circuit portions is to have 
two terminals for receiving input clocks at different fre- 
quencies. In this technique, for example as used in the 
30 Intel 80387 math co-processor, the state of another ter- 
minal (either hardwired externally or connected in the 
wiring of an on-chip bond pad) selects whether the clock 
signal received at the alternate clock terminal is to be 
ignored or used. 
35 [0008] Certain other clock doubling schemes have 
considered the use of internal frequency dividers to 
divide down the input clock frequency prior to applica- 
tion to slower circuit functions. For example, it is known 
to use a half-frequency clock (relative to the input clock 
40 frequency) to control the bus interface of a microproces- 
sor circuit. In such arrangements, the frequency divider 
not only reduces the clock frequency, but also corrects 
for variations in duty cycle and ringing conditions on the 
input clock signal. While such correction for input clock 
45 instabilities may be performed prior to use in slower cir- 
cuit functions, these instabilities preclude the direct use 
of the input clock signal for the high speed circuit func- 
tions in the CPU or core. In particular, certain phases of 
the input clock signal may be too short (especially when 
so unstable) to allow for completion of certain internal core 
functions. 

[0009] Not all microprocessors, math co-processors, 
and the like necessarily operate in the clock doubling 
mode, however. For example, in relatively slow comput- 
55 ers and workstations, only a single low frequency clock 
(e.g., on the order of 8 MHz) may be available, such that 
bus operations and CPU or core operations may both 
operate at the slower clock frequency. In such an envi- 
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ronment, dividing down the frequency of the relatively 
low frequency input clock to generate the bus interface 
clock would result in serious performance degradation. 
Accordingly, it is desirable in these applications that the 
integrated circuit not operate in the clock doubling 
mode. 

[0010] Accordingly, integrated circuits are convention- 
ally manufactured, beginning with wafer fabrication, to 
be of the clock doubled type or of the non-clock doubled 
type, with the quantity manufactured of each type deter- 
mined according to customer demand. The cost of 
maintaining manufacturing inventory is made more diffi- 
cult, however, as the number of circuit types increases, 
especially if circuit demand or manufacturing yield is 
subject to fluctuation. Accordingly, it is desirable to pro- 
vide an integrated circuit having both clock doubling and 
non-clock doubling capability. 

[0011] According to prior techniques, a control signal 
selects which of multiple clock signals is to control the 
operation of certain integrated circuit functions (such as 
the core unit and the bus interface unit). The selection of 
which of a plurality of clocks that a particular circuit is to 
respond required relatively complex circuitry to imple- 
ment this ability to respond to a selected clock signal. 
Since such circuitry loads and otherwise affects the 
path of the clock used to control the speed of the circuit 
function, such selection circuitry necessarily affects the 
most critical timing path of the circuits. 
[0012] Furthermore, in the art of internal clock distri- 
bution for integrated circuits such as microprocessors 
and the like, the optimization of duty cycle for internal 
clocks generated from externally received clock signals 
has heretofore generally been quite difficult. This is due 
to the constraints presented by the expected variations 
of the duty cycle of the external clock, as indicated in 
various timing specifications; furthermore, as micro- 
processor clock frequencies increase to 25 MHz and 
beyond, external clock signals are more susceptible to 
ringing and other noise effects that increase with faster 
switching times, resulting in less well defined and con- 
trolled clock phases. As such, the generation of internal 
clock signals from an external clock signal, particularly 
for high frequency operation, has heretofore required 
the designer to make tradeoffs in selecting the duration 
of each phase in the internal clock signals. 
[0013] IBM Technical Disclosure Bulletin, Vol. 32, No. 
12, pages 149-151, May 1990, "Pulse Combining Net- 
work" discloses a circuit for generating true and comple- 
ment phases of a signal using edge-triggered latches. 
The bulletin proposes the use of phase-displaced pairs 
of true and complement input pulse trains to produce an 
output frequency that is twice the frequency of any of 
the inputs. 

[0014] US-A-4217639 discloses a logic circuit that 
generates two clock pulses at the output of an exclu- 
sive-OR gate during a single clock cycle initiated by the 
presence of a binary 1 level at an input of a NAND gate 
having an output feeding a delay. The exclusive-OR 



gate receives inputs from a tap on and the output from 
the delay which also provides a feedback input to the 
NAND gate. A binary 0 level is established at a third 
input of the NAND gate by a flip-flop to inhibit operation 
5 after the second clock pulse has been output from the 
exclusive-OR gate. 

[0015] According to a first aspect of the invention 
there is provided clock generating circuitry for generat- 
ing output clock signals (CORECLK) responsive to an 

w input clock signal (CLKIN), comprising: a resettable 
latch circuit for generating a sequence of output clock 
signal edges in response to the occurrence of a single 
active edge of said input clock signal; said latch circuit 
including a first input (S) coupled to receive a signal 

15 input from detection circuitry in response to detection of 
said active edge of the input clock signal thereby caus- 
ing a first output transition in a first direction of said latch 
circuit; said latch output being coupled by a delay 
means and a first active edge detector to another input 

20 (R) of the latch circuit to apply a signal input to said 
another input causing a latch output transition in an 
opposite direction from said first direction in response to 
detection of an output transition in the first direction after 
a predetermined delay provided by said delay means; 

25 circuitry including a delay means coupled to a second 
active edge detector to detect delayed output transitions 
of said latch circuit in a predetermined direction and in 
response to each detected transition to apply a further 
input to said first input of the latch circuit after a respec- 

30 tive delay increment, each said further input causing 
another output transition of the latch circuit in the first 
direction; and circuitry for inhibiting operation of said 
latch circuit after generation of a predetermined number 
of output clock signal edges. 

35 [0016] According to a second aspect of the invention 
there is provided a method of generating output clock 
signals (CORECLK) responsive to an input clock signal 
(CLKIN) by initiating a sequence comprising: operating 
a resettable latch circuit to generate a series of output 

40 clock signal edges in response to the occurrence of a 
single active edge of said input clock signal; applying a 
signal input to a first input (S) of said latch circuit in 
response to detection of said active edge of the input 
clock signal thereby causing a first output transition of 

45 said latch circuit in a first direction; after a predeter- 
mined delay causing a latch circuit output transition in 
an opposite direction from said first direction in 
response to detection by a first active edge detector of 
an output transition in the first direction, by applying a 

so signal input to another input (R) of said latch circuit; and 
then in response to detection by a second active edge 
detector of an output transition of said latch circuit in a 
predetermined direction, applying a further input to said 
first input of the latch circuit after a predetermined delay 

55 to cause another output transition of said latch circuit in 
the first direction, to initiate repetition of said sequence; 
and inhibiting operation of said latch circuit after a 
selected number of repetitions of said sequence to gen- 
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erate a predetermined number of output clock signal 
edges. 

[0017] In preferred embodiments of the invention 
described below, the clock generator circuitry includes a 
delay which may be selected according to the worst s 
case delay path for one of the clock phases; this delay 
period determines the duty cycle of the generated out- 
put clock signal independent of the input clock signal 
duty cycle. The delay period is generated by a delay 
stage having a fixed portion and a variable portion; the w 
fixed portion includes gate delays of various types so 
that process, voltage and temperature variations in an 
integrated circuit and its operation are matched by 
changes in the delay stages. The variable portion of the 
delay stage facilitates characterization and adjustment 15 
of the delay period. 

[0018] Embodiments of the invention, as claimed, will 
be described by way of example with reference to the 
Figures 8 to 13, with Figure 3, of the accompanying 
drawings. In the drawings: 20 

Figure 1 is an electrical diagram, in block form, of 
an integrated circuit incorporating the preferred 
embodiment of the invention; 

Figure 2 is an electrical diagram, in schematic form, 25 
of a clock generator circuit; 

Figure 3 is an electrical diagram, in schematic form, 
of a delay stage in the clock generator circuit of Fig- 
ure 2; 

Figures 4a and 4b are timing diagrams illustrating 30 
the operation of the clock generator circuit; 
Figure 5 is an electrical diagram, in block form, of 
another clock generator circuit; 
Figure 6 is an electrical diagram, in block form, of 
another clock generator circuit; 35 
Figure 7 is a timing diagram illustrating the opera- 
tion of the circuit of Figure 6; 
Figure 8 is an electrical diagram, in block form of a 
clock generator circuit according to an embodiment 
of the invention; 40 
Figure 9 is a timing diagram illustrating the opera- 
tion of the circuit of Figure 8; 
Figure 10 is an electrical diagram, in block form, of 
a clock generator circuit according to another 
embodiment of the invention; 45 
Figure 1 1 is a timing diagram illustrating the opera- 
tion of the circuit of Figure 10; 
Figure 12 is an electrical diagram, in block form, of 
a clock generator circuit according to a further 
embodiment of the invention; and so 
Figure 13 is a timing figure illustrating the operation 
of the circuit of Figure 12. 

[0019] Referring first to Figure 1, the construction of 
integrated circuit 2, such as a microprocessor, math co- 55 
processor or the like having at least two different func- 
tions which can operate at different clock frequencies, 
and thus in which the preferred embodiment of the 



invention is implemented will be described. In this 
example, integrated circuit 2 includes a core unit 4 
which performs a sequence of instructions or some 
other complex logic operation, preferably at the fastest 
possible clock frequency to optimize circuit perform- 
ance. Integrated circuit 2 further includes bus interface 
unit 6 which is in communication with input and output 
terminals (not shown) of integrated circuit 2, and is also 
in communication with core unit 4 by way of internal bus 
I BUS. Bus interface unit 6 is intended to receive input 
signals presented at address and data input terminals, 
to control the operation of core unit 4 and other func- 
tions in integrated circuit 2, and also to control the pres- 
entation of output data at output terminals; since the 
timing requirements of bus interface unit 6 are governed 
by the input/output specifications of other integrated cir- 
cuits in the system, it may require a slower clock fre- 
quency than that usable by core unit 4. 
[0020] For reference hereinbelow, certain of the input 
terminals to integrated circuit 2 are illustrated in Figure 
1 as being connected to circuitry via a bond wire W and 
a bond pad BP. Other inputs and outputs are, of course, 
similarly connected but are not shown in Figure 1 for 
purposes of clarity. The illustration of the bond pads BP 
in Figure 1 will become apparent relative to the optional 
wire bonding of one of the bond pads BP discussed 
hereinbelow. In addition, conventional input buffer cir- 
cuits may also be provided within integrated circuit 2 in 
the conventional manner; such buffers are also not illus- 
trated in Figure 1 for purposes of clarity. 
[0021] In the example of Figure 1, integrated circuit 2 
is operable to receive an input clock signal at terminal 
CLKIN. The input clock signal may be an externally gen- 
erated periodic clock, such as from an external oscilla- 
tor, or alternatively the input clock signal may be 
generated on-chip based on a crystal connected to ter- 
minal CLKIN that determines the clock frequency. Clock 
control circuit 8 presents to core unit 4 (on line CORE- 
CLK) an internal clock signal at the same frequency as 
the input clock signal at terminal CLKIN, and presents to 
bus interface unit 6 (on line BUSCLK) an internal clock 
signal at one-half the frequency of the input clock signal 
received at terminal CLKIN. The half-frequency clock 
signal is generated and applied to line BUSCLK by fre- 
quency divider 10, which in this case divides the input 
clock signal frequency by two prior to its presentation on 
line BUSCLK. 

[0022] According to this arrangement, 
clock control circuit 8 further includes clock generator 
12 which receives the input clock signal from terminal 
CLKIN at a "set" input, and which receives the input 
clock signal from terminal CLKIN, delayed by program- 
mable delay stage 14, at a "reset" input. Programmable 
delay stage 14 in this arrangement includes a default 
delay value that is enabled for normal (non-test mode) 
operation, implemented within programmable delay 
stage 14 by the metallization pattern or by way of fusible 
links or other programmable elements (FAMOS transis- 



4 



7 



EP 0 570 158 B1 



8 



tors, etc.). In addition, programmable delay stage 14 
also receives a test input from terminal TEST and j 
select lines 15j from selected input terminals IN 0 
through IN n so that, in a special test mode selected by 
the logic state applied to terminal TEST, the j select 
lines 1 5j can select a portion of the delay period through 
delay stage 14. 

[0023] Programmable delay stage 14 and clock gen- 
erator 12 each also receive an input on line 2XEN indi- 
cating if the clock doubling mode is to be enabled; when 
enabled, the clock doubling mode causes the core unit 
clock frequency on line CORECLK to be twice that of 
the bus clock frequency on line BUSCLK. In this exam- 
ple, selection of the clock doubling feature is made at 
the wire bonding step of the manufacturing process, by 
connecting the bond pad BP associated with line 2XEN 
to be connected to the power supply terminal 
(which, in this example, enables clock doubling) or to 
the V ss or ground terminal (disabling clock doubling). 
[0024] As will be described hereinbelow, clock control 
circuit 8 according to this arrangement is controlled by 
the state of line 2XEN, so that the clock signal on line 
CORECLK may be generated either in a clock doubling 
mode or in a non-clock doubling mode. In addition, inter- 
face circuitry controlling the communication of data on 
internal bus IBUS is also preferably controlled according 
to the state of line 2XEN, so that communication 
between core unit 4 and bus interface unit 6 can be per- 
formed according to the selected internal clock relation- 
ship. It is contemplated that the construction of such 
interface circuitry will be apparent to one of ordinary skill 
in the art having reference to this specification. 
[0025] In the general sense, clock generator 12 oper- 
ates in the clock doubling mode to respond to one of the 
input clock signal edges; for purposes of this descrip- 
tion, the term "rising edge" will refer to a low-to-high 
transition for a signal, and the term "falling edge" will 
refer to a high-to-low transition. In the example of Figure 
1 , the rising edge of the input clock signal sets the out- 
put of clock generator 12 (on line CORECLK) to a high 
level. Clock generator 12 resets low its output on line 
CORECLK responsive to receiving the rising edge of 
the input clock signal, delayed by the time delay set 
within programmable delay stage 14. The delay period 
of programmable delay stage 14 is preferably selected 
to slightly exceed the time required for the worst case 
clock phase in the instruction set or possible operations 
of core unit 4. As such, clock generator 12 uses edge 
triggered set and reset functions based on the input 
clock signal, and provides an internal clock signal on 
line CORECLK that is at the same frequency as the 
input clock signal at terminal CLKIN, at a fixed phase 
duration so that variations in the duty cycle of the input 
clock signal thus do not affect the duty cycle of the inter- 
nal clock signal on line CORECLK. The delay period is 
preferably selected according to the propagation delay 
of the worst case logic path, thus ensuring proper oper- 
ation of integrated circuit 2 regardless of the duty cycle 



of the input clock signal, and thus over a wide range of 
duty cycle timing specifications. 

[0026] Meanwhile, frequency divider 10 is generating 
a clock signal on line BUSCLK that is at half the fre- 

5 quency of the input clock signal at terminal CLKIN. 
Accordingly, the operation of bus interface unit 6 can be 
controlled in a manner consistent with externally con- 
nected integrated circuits, while still allowing the opera- 
tion of core unit 4 to perform at the highest practicable 

10 clock rate. 

[0027] Referring now to Figure 2, the construction of 
frequency divider 10 and clock generator 12 will now be 
described in detail. 

[0028] Frequency divider 10 in this example is of sub- 
15 stantially conventional design, and includes a reset 
function by which its output may be suspended. Line 
CLKIN communicates the input clock signal (after buff- 
ering if desired) to inverters 13 and 17, which generate 
complement and true clock signals on lines CLKc and 
20 CLKt, respectively. Each of pass gates 24, 26 consist of 
complementary MOS transistors having their 
source/drain paths connected in parallel with one 
another, and having their gates connected to comple- 
mentary lines CLKt, CLKc so as to be simultaneously 
25 on or off. 

[0029] Line RST communicates a reset signal from 
elsewhere in integrated circuit 2 to an input of NAND 
gate 22 in frequency divider 10 and to start/stop logic 30 
in clock generator 12. Line RST is preferably buffered 

30 within integrated circuit 2, in the conventional manner, to 
eliminate false resets due to noise, and to ensure 
proper phase synchronisation after reset. The second 
input of NAND gate 22 is connected to the output of fre- 
quency divider 10 on line BUSCLK. During non-reset 

35 modes, the low logic level on line RST presents a high 
logic level (via inverter 21) to one input of NAND gate 
22, allowing the state of line BUSCLK to control the out- 
put of NAND gate 22. 

[0030] The output of NAND gate 22 is connected to' 

40 one side of pass gate 24. The other side of pass gate 24 
is received by latch 28 and communicated to one side of 
pass gate 26 (after inversion by inverter 27 to account 
for the inversion by latch 28). Latch 28, in this example 
and elsewhere, consists of a pair of cross-coupled 

45 inverters where the feedback inverter has significantly 
weaker drive than the feed-forward inverter so that it can 
be rapidly overwritten as a new logic level is received at 
its input; this weaker drive is illustrated in Figure 2 by an 
asterisk in the feedback inverter of latch 28 (and in other 

50 latches in Figures 2 and 3). 

[0031] In this example, pass gate 24 is operable to 
pass the state of the output of NAND 22 to latch 28 dur- 
ing the low level phase of the input clock signal on line 
CLKIN. Accordingly, if line RST is low during this phase, . 

55 the logical complement of the state of line BUSCLK is 
communicated to latch 28 during low phases of the 
input clock signal. After inversion by inverter 27, the 
state of latch 28 is communicated to pass gate 26. 
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[0032] Pass gate 26 has its other side connected to 
latch 20 which, via inverter 19, drives line BUSCLK. In 
this example, pass gate 26 has its gates controlled by 
lines CLKt, CLKc in a complementary manner relative to 
pass gate 24, such that pass gate 26 is conductive dur- 
ing high level phases of the input clock signal at line 
CLKIN. Accordingly, the complement of the state of line 
BUSCLK thus requires both a low level phase and a 
high level phase to be communicated back to latch 20, 
for presentation (after inversion by inverter 19) on line 
BUSCLK as a logic level transition of this output clock. 
As such, the frequency at which line BUSCLK toggles 
will be exactly one-half that of the input clock signal at 
line CLKIN. 

[0033] As noted above, when line RST is at a low logic 
level, NAND gate 22 is operable to respond to the state 
of line BUSCLK; conversely, in a reset or suspend oper- 
ation, where line RST is at a high logic level, the output 
of NAND gate 22 is forced high regardless of the state 
of line BUSCLK. Accordingly, the state of line BUSCLK 
is held high during the reset condition. 
[0034] Start/stop logic receives line RST (via inverter 
21), line BUSCLK, and start and stop signals on lines 
STRT and STR respectively. Start/stop logic 30 
includes such combinational logic as required to enable 
and disable clock generator 12 according to the reset 
condition on line RST, and according to the start and 
stop signals. The start and stop signals allow for sus- 
pension of the output clock signal on line CORECLK, as 
will be described hereinbelow. 

[0035] The input clock signal at line CLKIN is commu- 
nicated to an inverting input of NAND gate 34 and to a 
non-inverting input of NAND gate 36. The second input 
of NAND gate 34 receives line 2XEN which enables 
clock doubling with a high logic level. The output of 
NAND gate 34 is communicated, via inverting delay 
stage 35, to the second input of NAND gate 36. Delay 
stage 35 may consist of several inverters in series, of a 
conventional single delay stage, or other conventional 
delay circuits for delaying the propagation of the signal 
from the output of NAND gate 34 to the input of NAND 
gate 36 for a selected time. As a result, NAND gate 36 
will present a low logic level pulse responsive to the ris- 
ing edge of the input clock signal at line CLKIN, and 
having a pulse width corresponding to the propagation 
delay of NAND gate 34 and delay stage 35. The output 
of NAND gate 36 is connected to the gate of a p-chan- 
nel transistor 38 having its source-drain path connected 
between and the input of latch 40; the output of latch 
40 drives line CORECLK via inverter 41. 
[0036] The input clock signal on line CLKIN is also 
connected to fixed delay stage 14f and variable delay 
stage 14v, connected in series. In this example, and as 
will be described in further detail hereinbelow, variable 
delay stage 14v receives inputs on line TEST and on j 
select lines 15j, as shown in Figure 1 . The output of var- 
iable delay stage 14v on line CLKDELAY is connected 
to a non-inverting input of NAND gate 46 and to an 



inverting input of NAND gate 44. The second input of 
NAND gate 44 receives line 2XEN. As in the above- 
described case, the output of NAND gate 44 is con- 
nected to a second input of NAND gate 46 via inverting 

5 delay stage 45. As a result, the output of NAND gate 46 
will present a low logic level pulse responsive to the ris- 
ing edge of the signal on line CLKDELAY from variable 
delay stage 14v, having a pulse width defined by the 
delay through NAND gate 44 and delay stage 45. The 

to output of NAND gate 46 is connected, after inversion by 
inverter 47, to the gate of an n-channel transistor 42 
having its source/drain path connected between the 
input of latch 40 and ground. 

[0037] NAND gate 46 also receives an input from the 
15 output of start/stop logic 30, thus allowing the reset sig- 
nal on line RST, and the start and stop signals on lines 
STRT and STR to control the operation of clock gener- 
ator 12 in the clock doubling mode. For example, if 
start/stop logic 30 drives a low logic level at its output, 
20 the output of NAND gate 46 will be forced high, ensuring 
that n-channel transistor 42 does not turn on. In such an 
event, latch 40 cannot be overwritten with a low level, 
thus disabling transitions of the clock signal on line 
CORECLK. 

25 [0038] Line 2XEN is also connected to an inverting 
input of NAND gate 50, which receives the input clock 
signal on line CLKIN at its other input. The output of 
NAND gate 50 is connected to pass gate 48 in comple- 
mentary fashion (via inverter 49); as such, pass gate 48 

30 is made non-conductive when line 2XEN is high, during 
the clock doubling mode. 

[0039] Clock generator 12 according to this example 
also can provide a half-frequency clock signal on line 
CORECLK during the non-clock doubling mode indi- 

35 cated by line 2XEN being at a low logic level. NAND 
gate 32 receives the output of latch 28 in frequency 
divider 10 at one input, and receives the output of 
start/stop logic 30 at the other input. Start/stop logic 30 
is therefore able to gate the application of the output of 

40 latch 28 to the frequency divider portion of clock gener- 
ator 12, such as is useful in suspending its operation (as 
in the case of line RST being high for frequency divider 
10) and restarting it in a synchronous manner. 
[0040] The output of NAND gate 32 is presented to 

45 one side of pass gate 48. The opposite side of pass 
gate 48 is coupled to the input of latch 40. Considering 
the effect of NAND gate 50 and inverter 49, the n-chan- 
nel transistor in pass gate 48 receives a signal corre- 
sponding to the input clock signal on line CLKIN, and 

so the p-channel transistor in pass gate 48 receives a sig- 
nal corresponding to the logical complement of the input 
clock signal on line CLKIN; as such, pass gate 48 is 
gated similarly as pass gate 26 in frequency divider 10. 
As a result, in non-clock doubling mode, clock generator 

55 12 is configured similarly as frequency divider 10 (with 
the two circuits sharing the first portion thereof of NAND 
gate 22, pass gate 24 and latch 28), for generating a 
half-frequency clock on line CORECLK. In this mode, 
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therefore, the frequency of the clock signal on lines 
CORECLK and BUSCLK are identical. 
[0041 ] Figure 4a illustrates the operation of clock gen- 
erator 12 in clock doubling mode, selected by line 2XEN 
being at a high logic level. For purposes of clarity of 
description, small propagation delays and charging 
transients are not shown in Figure 4a. In this mode, a 
rising edge on line CLKIN first causes the output of 
NAND gate 36 (node S in Figure 4a) to go to a low logic 
level. This low logic level at the output of NAND gate 36 
continues until the rising edge propagates through 
NAND gate 34 and delay stage 35; this propagation 
delay is shown in Figure 4a as 835, and defines the 
pulse width of the low logic level at node S. Responsive 
to node S being low, transistor 38 turns on, charging the 
input of latch 40 high which, via inverter 41, drives line 
CORECLK high. Accordingly, in clock doubling mode 
the rising edge of the input clock signal operates to set 
the output of clock generator circuit 12 on line CORE- 
CLK. 

[0042] The rising edge of the input clock signal at line 
CLKIN also propagates through delay stages 14f, 14v, 
appearing at line CLKDELAY after the delay period 8 14 
(i.e., the propagation delay through delay stages 14f, 
14v). At such time as the rising edge of the input clock 
signal appears on line CLKDELAY, the output of NAND 
gate 46 goes to a low logic level (the other inputs to 
NAND gate 46 being high). The low logic level at the 
output of NAND gate 46, via inverter 47, drives the gate 
of n-channel transistor 42 (node R of Figures 2 and 4a) 
high, turning on transistor 42 and discharging the input 
of latch 40 to ground. Latch 40 and inverter 41, in turn, 
drive line CORECLK low in response to transistor 42 
being turned on. Accordingly, the rising edge of the sig- 
nal on line CLKDELAY operates to reset the output of 
clock generator 12 on line CORECLK to a low level, 
delayed from the high level transition by the delay time 
814 of programmable delay stage 14. 
[0043] It should be apparent to one of ordinary skill in 
the art that the duration of the pulse width of the low 
logic level pulse at node S (i.e,. the time delay S 35 ) and 
the duration of the high logic level pulse at node R (i.e., 
the time delay 8 45 ) should be selected to ensure that the 
input to latch 40 is fully charged and discharged, 
respectively, in each cycle. However, these delays 
should also be selected to prevent the set and reset 
pulses from overlapping, as such would cause a crow- 
bar condition (i.e., direct short from to ground) 
through transistors 38 and 42. 

[0044] As a result of the operation of clock generator 
12, a clock signal is generated on line CORECLK which 
is at the same frequency as the input clock signal, but 
which has a duty cycle independent from that of the 
input clock signal. This is because the duration of one of 
the phases of the clock on line CORECLK is dependent 
upon the time between the set and reset pulses (at low 
and high levels, respectively, in this example). Accord- 
ing to this arrangement, the time between the set and 



reset pulses depends solely upon the delay period 814 
through programmable delay 14 (i.e., through delay 
stages 14f, 14v), and does not depend upon the duty 
cycle of the input clock signal on line CLKIN. Indeed, in 

5 the example of Figure 4a t it should be noted that the 
duration of the high level phase on line CORECLK is 
greater than that of the input clock signal on line CLKIN. 
As will be discussed in further detail hereinbelow, this 
allows the duty cycle of the internal high frequency clock 

70 on line CORECLK to be optimized for the worst case 
phase, rather than for an average which is dependent 
upon the input clock signal. 

[0045] This independence of the duty cycle of the 
clock signal on line CORECLK is further evident from 

15 the later cycles (after time t 2 ) shown in Figure 4a. In 
these cycles, the duty cycle of the input clock signal on 
line CLKIN after time t 2 has become shorter than in the 
previous cycles illustrated in Figure 4a, to approximately 
half that of the desired duration on line CORECLK. As in 

20 the prior cycles, however, the rising edge of the signal 
on line CLKIN causes a low logic level pulse at node S 
which, in turn, drives line CORECLK high. After expira- 
tion of the delay period 8 14 after this edge, line CLKDE- 
LAY presents a rising edge which causes node R to be 

25 driven high, driving line CORECLK low. As a result, the 
duty cycle of the clock signal on line CORECLK remains 
constant, as determined by the delay time 8 14 of pro- 
grammable delay stage 14, and is thus independent of 
the duty cycle of the input clock signal on line CLKIN. 

30 [0046] This construction of clock generator 12 thus 
provides a high degree of stability in the generation of a 
high frequency internal clock based on a received high 
frequency input clock signal. Particularly as microproc- 
essor clock frequencies increase to 25 MHz and 

35 beyond, the generation and presentation of external 
clock signals of high quality and stability becomes more 
difficult, especially considering ringing and other noise 
effects which become more pronounced with higher 
switching speeds. Since clock generator 12 generates 

40 its clock signals based on edges of the input clock sig- 
nal, and on internal delays, the clock signal on line 
CORECLK is not strongly affected by noise and other 
instabilities in the input clock signal. 
[0047] Referring next to Figure 4b, the operation of 

45 clock generator 12 in the non-clock doubling mode, indi- 
cated by line 2XEN being at a low logic level, will now be 
described. With line 2XEN at a low logic level, the out- 
puts of NAND gates 34 and 44 are both forced high, 
causing transistors 38 and 42 to both be held in the off 

50 condition in this mode. The low logic level on line 2XEN 
also enables HAND gate 50 to respond to the input 
clock signal on line CLKIN, so that pass gate 48 
receives complementary gating signals corresponding 
to line CLKIN. 

55 [0048] The cycles illustrated in Figure 4b begin with 
the initial condition of line BUSCLK (and thus node IN20 
at the input of latch 20) at a high logic level, and line 
CORECLK (and thus node IN40 at the input of latch 40) 



7 



13 



EP 0 570 158 B1 



14 



at a high logic level. Upon the falling edge of line CLKIN 
(corresponding to a rising edge on line CLKc and a fall- 
ing edge on line CLKt), pass gate 24 is made conduc- 
tive, communicating the state of line BUSCLK, inverted 
by NAND 22, as a low logic level to node IN28 at the 
input to latch 28. This low logic level is also communi- 
cated via NAND gate 32 (the output of start/stop logic 
30 being high to enable operation) as a low level 
(inverted twice by latch 28 and NAND gate 32) to node 
IN48 at the input to pass gate 48. Pass gates 26 and 48 
are non-conductive during this phase of the input clock 
signal, as they are gated in a complementary fashion 
relative to pass gate 24. 

[0049] Upon the rising edge of the input clock signal, 
pass gates 26 and 48 become conductive and pass 
gate 24 turns off. Latch 28 retains its low logic level input 
at this time due to the operation of its feedback inverter. 
With pass gate 26 conductive, the state of node IN28 is 
communicated (after inversion by latch 28 and by 
inverter 27) to node IN20 at the input of latch 20, thus 
presenting a low logic level on line BUSCLK. Similarly, 
with pass gate 48 conductive, the low logic level at node 
IN48 is communicated to the input of latch 40 (node 
IN40), and presented on line CORECLK. 
[0050] This operation of frequency divider 10 and 
clock generator 12 in the non-clock doubling mode con- 
tinues, with the alternating state of line BUSCLK fed 
back through NAND gate 22 into frequency divider 10. 
As a result, in this mode the frequencies of the signals 
on lines BUSCLK and CORECLK are equal to each 
other, at half the frequency of the input clock signal fre- 
quency at line CLKIN. 

[0051] As noted hereinabove relative to Figure 4a, the 
propagation delays through this circuit are not illustrated 
in Figure 4b, for clarity of description. However, for pur- 
poses of stability, it may be preferable to insert delay 
stages, such as inverter chains, at certain locations in 
the circuit, thus ensuring that a logic transition is not 
occurring at the input to a pass gate at the same time as 
the pass gate turns off. For example, inverter 27 may be 
replaced by a series of inverters, with propagation delay 
there through as desired. 

[0052] In addition, clock generator 12 may be readily 
configured to provide a complementary clock signal to 
the signal on line CORECLK, for example by providing a 
similar circuit to that of latch 40 and transistors 38, 42, 
48, but which operates in complementary fashion. It is 
contemplated that other clock signals may be generated 
from those signals shown in Figure 2 by the addition of 
such elementary logic as would be known by one of 
ordinary skill in the art having reference to this descrip- 
tion. 

[0053] According to this arrangement, the ability of 
clock control circuit 8 to selectably operate in either the 
clock doubling mode or non-clock doubling mode, 
depending upon the state of line 2XEN, provides signif- 
icant advantages in the design and operation of inte- 
grated circuit 2 over prior techniques. According to prior 



techniques, a control signal selected, for certain inte- 
grated circuit functions (such as the core unit and the 
bus interface unit), which of the clock signals was to 
control their operation; as such, the functional circuitry 

5 necessarily required relatively complex circuitry to 
implement this ability to respond to a selected clock sig- 
nal, with such circuitry necessarily affecting the most 
critical timing path of the high frequency internal clocks. 
In this arrangement, however, the ability of clock control 

70 circuit 8 to generate output clock signals in a selected 
mode allows the functional circuitry, such as core unit 4 t 
to be designed so that it need only respond to a single 
internal clock signal, as the determination of the core 
clock frequency is made by clock control circuit 8. 

15 [0054] As noted above, the selection of which clock 
mode is made, in this example, by the bonding of pad 
2XEN to a power supply or ground pad. This method of 
selecting the clock mode is especially beneficial to the 
manufacturer, as only a single type of integrated circuit 

20 2 need be fabricated in order to provide inventory for 
both types of products (clock doubled or not), as the 
selection of the operation mode need not be made at 
the initial wafer fabrication stage, but instead is deter- 
mined in the packaging operation. Furthermore, the 

25 user of integrated circuit 2 is not required to make any 
provision, such as externally connecting a terminal high 
or low, in order to maintain the proper desired operating 
mode. 

[0055] Referring back to the clock doubling mode of 

30 Figure 4a, clock generator 1 2 thus generates an internal 
clock signal having a duty cycle which depends upon a 
delay time 8 14 through programmable delay stage 14. In 
modern high complexity integrated circuits such as 
microprocessors and math co-processors, one of the 

35 two clock phases will control the worst case logic prop- 
agation path, such that the duration of the worst case 
phase will be critical in the operation of the circuit (i.e., if 
the duration of this worst case clock phase is too short, 
the circuit will malfunction). As shown in Figure 2, pro- 

40 grammable delay stage 14 preferably includes a fixed 
delay stage 14f and a variable delay stage 14v, such 
that the delay time 8 14 , and thus the duration of the 
worst case clock phase, may be set or altered either 
during characterization, production test or in operation. 

45 [0056] In setting delay time 814, the circuit designer 
should consider, by way of modeling or other character- 
ization, the worst case high speed logic path in core unit 
4 for a possible instruction or logic operation, and add to 
the time required for this worst case path {X^) a certain 

50 safety margin time (t m ) to arrive at a minimum clock 
phase duration (t h =t d +t m ), which will correspond to 
the delay time 8 14 . In order to ensure compliance over 
the full specification range of the circuit, it would be pref- 
erable that the ratio t^/t h remain substantially constant 

55 over voltage, temperature, and processing conditions. 
In particular, it is desirable that integrated circuits such 
as microprocessors, math co-processors and the like be 
able to operate over a wide voltage range, including not 
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only traditional levels of the V^ power supply voltage 
(i.e., nominally 5 volts) but also the lower levels (i.e., 
nominally 3.3 volts) that are expected to be necessary 
for modern integrated circuits having sub-micron physi- 
cal features. 

[0057] Referring now to Figure 3, a preferred con- 
struction of programmable delay stage 14 will now be 
described. This construction of programmable delay 
stage 14 includes such features as to provide a delay 
time § 14 that matches variations in voltage, temperature 
and processing which affect the minimum clock phase 
duration time t h , and to provide the ability to readily 
change the delay time 5 14 as necessary. 
[0058] Fixed delay stage 14f receives the input clock 
signal on line CLKIN via pass gate 59, controlled in 
complementary fashion by the signal on line 2XEN. In 
non-clock doubling mode (since the clock signal on line 
CLKDELAY is not used; see Figures 3 and 4b) with line 
2XEN low, pass gate 59 is non-conductive; during clock 
doubling mode, pass gate 59 remains conductive. Fixed 
delay stage 14f, according to the preferred construction, 
includes multiple delay elements of various logic types, 
selected according to the worst case propagation delay 
in core unit 4 or elsewhere in circuit 2. The use of multi- 
ple types of delay elements, rather than many delay ele- 
ments of the same type (e.g., a string of inverters), 
provides a high degree of matching of the delay through 
fixed delay stage 14f to variations of the worst case logic 
path resulting from changes in temperature, processing, 
and bias voltage, thus accounting for variations in the 
propagation delay among various types of circuit ele- 
ments as a function of voltage, temperature, and proc- 
ess parameters. In this preferred construction, fixed 
delay stage 14f includes latch 52, inverter 53, NOR gate 
54 (with another input tied to ground), three-input NAND 
gate 55 (with its two other inputs tied high), two-input 
NAND gate 56 (with its other input tied high), pass gate 
57 (biased on), and capacitors 58a, 58b biased to 
and ground, respectively. Capacitors 58a, 58b repre- 
sent parasitic capacitances in core unit 4, and may be 
implemented as separate capacitors in fixed delay 
stage 14f, or by way of parasitic capacitances therein. 
While one of each type of delay element is illustrated in 
Figure 3, fixed delay stage 14f may include multiple 
ones of these elements, multiple chains of elements, or 
such other elements and combinations as useful to 
mimic the worst case core unit 4 delay path. 
[0059] Variable delay stage 14v, according to this pre- 
ferred construction, receives the output of fixed delay 
stage 14f, and adds a selectable amount of delay 
thereto, prior to presenting the result at its output on line 
CLKDELAY Variable delay stage 14v in this preferred 
construction can select various delays in a special test 
mode, with a default delay set by way of metal mask 
options. In addition, as will be evident from the following 
description, the selection of the delay through variable 
delay stage 14v may be made in substantially equal 
increments by a binary code, thus allowing great flexibil- 



ity in the selection of the overall delay time 5 14 . 
[0060] In this example, variable delay stage 14v 
includes four individually selectable delay paths. The 
most significant delay path is a set of four inverter pairs 

5 60 selectable by multiplexer 64 3 . similarly, the next most 
significant delay path has two inverter pairs 60 selecta- 
ble by multiplexer 64 2 ; with the next most significant 
delay path having one inverter pair 60 selectable by 
multiplexer 64^ Each of the inverter pairs 60 preferably 

w has the same propagation delay there through (i.e., 
delay 5'). The least significant delay path is imple- 
mented by the connection of capacitor 61 by pass gate 
62, adding a capacitive load which preferably matches 
one-half the delay 5' of an inverter pair 60, or the propa- 

15 gation delay of a single inverter. Accordingly, the delay 
time through variable delay stage 14v may be selected 
in a binary fashion, as the four selectable paths are 
weighted in a binary fashion (2 3 , 2 2 , 2 1 , and 2° invert- 
ers, respectively). 

20 [0061] Multiplexers 64 (and pass gate 62) cause the 
series path of the clock signal from fixed delay stage 14f 
to either pass through associated delay elements, or 
pass directly to the next stage without being delayed, 
responsive to the control input applied thereto from mul- 

25 tiplexers 70 3 through 70 0 , respectively. Each of multi- 
plexers 64 3 , 64 2 , 64 1 , may be constructed as shown in 
Figure 3 for multiplexer 64 3 . In this example, the 
source/drain path of pass gate 66 is connected between 
the incoming clock signal and the input to the next 

30 stage, while pass gate 68 has its source/drain path con- 
nected between the output of the final delay element 60 
and the input to the next stage. Pass gates 66, 68 in 
each multiplexer 64 are gated in complementary fashion 
by the control signal from its associated multiplexer 70, 

35 via inverters 65, 67, so that one is on while the other is 
off. As such, the output of multiplexer 70 will control 
whether the delayed version or the non-delayed version 
of the incoming clock signal from fixed delay stage 14f 
(or from the prior multiplexer 64) is applied to the input 

40 of the next stage in variable delay stage 14v. The least 
significant delay stage of capacitor 61 is selected by the 
combination of a pass gate 62 having its source/drain 
path connected between capacitor 61 and line CLKDE- 
LAY, and having its gates controlled in complementary 

45 fashion by the output of multiplexer 70q. 

[0062] Multiplexers 70 select between the value of a 
test signal input on an associated select line 15 or a 
default value, in communicating to multiplexer 64 (or 
pass gate 62) whether or not its associated delay value 

so is to be included; multiplexers 70 are controlled by a sig- 
nal indicating whether or not test mode is enabled. A 
default value is presented to each of multiplexers 70 by 
way of an associated weak inverter 77 having both its 
input and its output tied to a fixed voltage. For example, 

55 Figure 3 shows the inputs and outputs of each inverter 
77 tied to V^, in which case inverters 77 will each drive 
a high voltage at their output. This state of each inverter 
77 can be altered by opening the connection between 
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its output and the fixed voltage by way of a rnetal mask, 
fuse, laser cut, or the like, allowing inverter 77 to drive 
its output to the opposite state. In the alternative, the 
default condition may be set by an electrically program- 
mable element, a register bit, by software, or other con- 5 
ventional techniques. 

[0063] Each multiplexer 70, in this example, receives 
a select line 15 at one input, the output of inverter 77 at 
another input, and the output of NAND gate 72 as the 
control input. NAND gate 72 receives line 2XEN at one 10 
input and line TEST at its other input. The output of 
NAND gate 72 is connected to the gates of a first pass 
gate 74 in complementary fashion (via inverter 73), and 
to the gates of a second pass gate 76 in a manner com- 
plementary to its connection to pass gate 74; as such, 15 
either pass gate 74 or pass gate 76 will be made con- 
ductive, depending upon the state of the output of 
NAND gate 72. The output of NAND gate 22 is also fed 
directly to the control input of the next multiplexer 70 in 
line. With the output of NAND gate 72 low, pass gate 74 20 
will be conductive and connects select line 15 to the 
control input of multiplexer 64 (or to pass gate 62 in the 
case of multiplexer 70 0 ); a high output from NAND gate 
72 will make pass gate 76 conductive, connecting the 
output of inverter 77 to the control input of multiplexer 64 25 
(or pass gate 62 in the case of multiplexer 70q). 
[0064] In operation, in a non-clock doubling mode (line 
2XEN low), the outputs of inverters 77 are selected by 
all multiplexers 70, presenting the default delay value, 
preventing metastable or indeterminate conditions in 30 
variable delay stage 14v. In clock doubling mode, the 
state of line TEST (at the other input of NAND gate 72) 
will control multiplexers 70. In a non-test mode, or nor- 
mal operating mode, the output of the array of inverters 
77 will determine the delay presented by variable delay 35 
stage 14v, ranging from no delay up to the propagation 
delay of fifteen inverters, selectable in single inverter 
(i.e., capacitor 61) increments in binary fashion by the 
four inverters 77. 

[0065] In test mode, the state of select lines 15 will 40 
determine the delay through variable delay stage 14v, in 
a binary fashion by the state of the four select lines 15j. 
Test mode may be enabled by any one of the known 
techniques in the integrated circuit art, including the 
provision of a dedicated test mode terminal or pad, an 45 
overvoltage condition on one of the normal input termi- 
nals to the circuit, a special code executed by circuit 2, 
or other known techniques. With line TEST high, pass 
gates 74 in multiplexers 70 will all be on, allowing the 
state of select lines 15 to determine the variable delay so 
length. Accordingly, in this mode, one may operate cir- 
cuit 2 with varying delay times 8 14 to determine the 
shortest delay time 8 14 , and thus the minimum clock 
phase duration (^) for which circuit 2 can still success- 
fully operate under a given voltage or temperature con- 55 
dition. 

[0066] It is contemplated that the provision of variable 
delay stage 14v, and its use during a test mode, will be 



of benefit primarily to the production and design engi- 
neers of a particular integrated circuit 2. This is because 
initial prototype samples may be characterized in test 
mode to determine a minimum, yet safe, delay time 8 14 
for varying operating conditions and functions, thus 
allowing selection of the proper default value by opening 
the appropriate lines at the output of inverters 77 in var- 
iable delay stage 14v. Furthermore, the use of the test 
mode can allow for periodic measurement of the mini- 
mum delay time 5 14 as the circuit 2 is being produced, 
and accordingly for modification of the metallization 
mask setting the states of inverters 77 over time. 
[0067] This construction of variable delay stage 14v 
may also be used, if desired, to individually set the state 
of inverter 77 for each functional circuit, for example by 
opening a polysiticon fuse at the output of each inverter 
77 by way of a laser or an avalanche condition. Further 
in the alternative, the manufacturer of the circuit may be 
able to select the proper metal mask in process, based 
upon threshold voltages, channel lengths and other 
measurable parameters during the fabrication of circuit 
2. Of course, multiplexers 70 may further alternatively 
be responsive to a register location, such that the prop- 
agation delay through variable delay stage 14v can be 
set by software. 

[0068] As a result of the foregoing teaching, therefore, 
the duration of the worst case clock phase depends 
upon a fixed value, closely matching variations in volt- 
age, temperature and processing, plus a variable 
amount that can be readily selected. Accordingly, the 
generation of a high frequency (twice the bus clock fre- 
quency) internal clock generated from an external input 
clock signal which may have unstable duty cycle, and 
also the ability to tune and select the duty cycle of the 
internal clock so as to match variations in temperature 
and processing conditions, may be achieved. In particu- 
lar, the internal clock so generated can be sufficiently 
stable relative to changes in the power supply voltages 
so as to enable the design and manufacture of high 
speed, high complexity logic circuits such as microproc- 
essors, math co-processors and the like that can oper- 
ate both at conventional (5 volt) power supply voltages 
a well as at low (3.3 volt) power supply voltages. 
[0069] The above-described arrangement is directed 
to the internal clock distribution system which generates 
a half-frequency clock for bus interface operations (line 
BUSCLK) and a high speed clock for core unit opera- 
tions (line CORECLK) that is at the same frequency as 
the input clock signal. Of course, by including conven- 
tional frequency multipliers and other frequency synthe- 
sizer circuits, one may generate internal clock signals of 
higher or lower frequencies than that of the input clock 
signal. It is contemplated that one of ordinary skill in the 
art, having reference to this specification and the draw- 
ings, will be readily able to utilize the benefits of the fore- 
going teaching in such applications. 
[0070] Referring now to Figure 5, another clock gen- 
erator circuit is illustrated in block form in which an inter- 
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nal clock signal is generated on line CORECLK at twice 
the frequency of the input clock signal. In this embodi- 
ment, the input clock signal on line CLKIN is communi- 
cated to edge detector circuit 80, which generates a 
rising edge at its output to the set input of clock genera- 5 
tor 112 responsive to either a rising or falling edge on 
line CLKIN. Line CLKIN is also connected to program- 
mable delay stage 114, constructed similarly as pro- 
grammable delay stage 14 described hereinabove. The 
output of programmable delay stage 114 on line CLK- 10 
DELAY is connected to edge detector 82, which detects 
either a rising or falling edge at its input and generates 
a rising edge at its output responsive to either a rising or 
falling edge on line CLKDELAY. The output of edge 
detector 82 is connected to the reset input of clock gen- 75 
erator 112. Clock generator 112 is constructed similarly 
as clock generator circuit 12 described hereinabove. 
[0071] In operation, each transition of the input clock 
signal on line CLKIN is detected by edge detector 80, 
which applies a pulse at the set input of clock generator 20 
112 and, in this case, drives high the Q output of clock 
generator 112 at line CORECLK. After elapse of the 
delay period 8^4, the input clock transition will appear 
on line CLKDELAY and will be detected by edge detec- 
tor 82 which, in turn, applies a pulse to the reset input of 25 
clock generator circuit 112. The reset signal will drive 
line CORECLK at the Q output of clock generator circuit 
112 to a low logic level. Accordingly, since each transi- 
tion (rising or falling) causes both a set pulse and a 
reset pulse to be applied to clock generator 112, the fre- 30 
quency at the output of clock generator 112 will be at 
twice the frequency of the input clock signal. 
[0072] Referring now to Figure 6, the construction of 
a clock multiplier arrangement will now be described. In 
the arrangement of Figure 6, the frequency of the clock 35 
signal on line CORECLK is again multiplied from that on 
line CLKIN; in this example, the frequency is doubled. 
Line CLKIN is received by rising edge detector 84, con- 
structed similarly as NAND gates 34, 36 and delay 
stage 35 in clock generator 12 shown in Figure 2, to pro- 40 
vide a pulse responsive to a rising edge of the signal on 
line CLKIN; in contrast to the arrangement of Figure 5, 
no pulse is generated by rising edge detector 84 
responsive to a falling edge on line CLKIN. The output 
of rising edge detector 84 is connected to a first input of 45 
OR gate 92. 

[0073] Line CLKIN is also connected to a series of 
delay stages 214, 216, 218, each of which has a sepa- 
rate delay period (although one or more may have the 
same delay period, if desired). Delay stages 214, 216, so 
218 preferably include fixed and variable portions, as 
described hereinabove relative to programmable delay 
stage 14. The output of delay stage 214 is connected to 
rising edge detector 86, which in turn has its output con- 
nected to one input of OR gate 94. The output of delay 55 
stage 216 is connected to rising edge detector 88, 
which has its output connected to a second input of OR 
gate 92. Similarly, the output of delay stage 218 is con- 



nected to the input of rising edge detector 90, which has 
its output connected to a second input of OR gate 94. 
[0074] OR gate 92 drives the set input of clock gener- 
ator 212 with its output, while OR gate 94 drives the 
reset input of clock generator 212 with its output. Clock 
generator 212 may be constructed similarly as clock 
generators 12 and 112 described hereinabove. Accord- 
ingly, clock generator 12 presents a high logic level at its 
Q output, on line CORECLK, responsive to a pulse at its 
set input, and resets its Q output to a low logic level 
responsive to a pulse at its reset input. 
[0075] According to the arrangement of Figure 6, 
therefore, the clock signal on line CORECLK is at twice 
the frequency of the input clock signal on line CLKIN, 
with the delay periods 5 214 , 5^6, §218 determining the 
duration of three successive phases in two cycles; the 
fourth phase in the second cycle is determined by the 
difference between the period of the input clock signal 
on line CLKIN and the sum of the delay periods §214, 
§216' 5 218- Referring now to Figure 7, the operation of 
the arrangement of Figure 6 will now be described. As in 
the above cases, small propagation delays are not 
shown, for purposes of clarity. 

[0076] In Figure 7, the rising edge of line CLKIN is 
detected by rising edge detector 84, which presents a 
high level pulse (OUT^ in Figure 7) to an input of OR 
gate 92 and thus to the set input of clock generator 212. 
Accordingly, this rising edge of line CLKIN initiates a ris- 
ing edge of the clock signal on line CORECLK. After 
delay period 5 214 has elapsed from the rising edge on 
line CLKIN, a rising edge is presented to rising edge 
detector 86, which issues a high level (OUT 86 ) to OR 
gate 94 and thus to the reset input of clock generator 
212. This pulse from OR gate 94 causes clock genera- 
tor 212 to reset its Q output. As a result, the high level 
phase of the first cycle of the clock signal on line CORE- 
CLK is determined by the delay period 5 2 14- 
[0077] The rising edge of line CLKIN ripples next 
through delay stage 216 which, after delay time 5 216 , 
presents a rising edge to rising edge detector 88. A 
pulse (see OUT 88 ) is then presented to OR gate 92, to 
again cause clock generator 212 to present a high level 
at its Q output on line CORECLK. Accordingly, the delay 
time 8 216 defines the duration of the low level phase of 
the first cycle of the clock signal on line CORECLK. 
[0078] The rising edge next ripples through delay 
stage 218, causing a rising edge to be presented, after 
an additional delay time 5 218 , to rising edge detector 90. 
Rising edge detector 90 then presents a pulse (see 
OUT 90 ) to OR gate 94, sending a pulse to the reset 
input of clock generator 212, resetting line CORECLK to 
a low logic level. Accordingly, the duration of the high 
level phase of the second cycle of the clock signal on 
line CORECLK is defined by the delay time 5 218 . 
[0079] The Q output of clock generator 212 on line 
CORECLK remains at a low logic level until the next ris- 
ing edge of the input clock signal on line CLKIN is 
received. As such, the delay times 5 214 , 6216. $218 must, 
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of course, be selected so that their sum does not 
exceed the period of the input clock signal, as such a 
situation would result in an unstable clock on line 
CORECLK. The duration of the second low phase of the 
output clock signal on line CORECLK is thus defined by 5 
the difference in period in the input clock signal less the 
sum of the delay times 8214, 8216. &218; this duration is 
shown in Figure 7 as time t L0 . 

[0080] The arrangement of Figure 6 thus provides for 
stable frequency multiplication, independent of the 10 
phase duration or duty cycle of the input clock signal, as 
the phase durations are defined by the delay times in 
the clock control circuit. As such, the duty cycle of the 
input clock may vary without affecting the duty cycle of 
the output clock signal, particularly since the falling 15 
edge of the input clock signal is not used in, and does 
not affect, the generation of the output clock signal. In 
addition, the delay times may be selected so that alter- 
nating output clock periods can have different phase 
durations. Furthermore, multiplication of the input clock 20 
frequency to other integral multiples (three and up) may 
be readily implemented, merely by stacking additional 
delay stages in a similar manner, so long as the sum of 
the delay times is less than the period of the input clock 
signal. 25 
[0081] The arrangements described hereinabove rel- 
ative to Figures 5 and 6 may, of course, be used in con- 
junction with frequency divider 10 or such other clock 
generator or frequency synthesizer circuits as useful. In 
addition, these alternative arrangements may also } be 30 
constructed similarly as described hereinabove relative 
to Figure 2 to respond to the state of line 2XEN, or 
another control signal, so that the clock doubling mode 
may be selectably enabled or disabled. 
[0082] Figures 8 and 9 illustrate a clock multiplier cir- 35 
cuit according to an embodiment of the invention. In the 
arrangement of Figure 8, the frequency of the clock sig- 
nal on line CORECLK is again multiplied from that on 
line CLKIN. In this embodiment, the frequency of CLKIN 
is doubled using only two delay stages 3 1 4a-b and three 40 
active edge detectors 96a-c. For purpose of illustration, 
active edge detectors 96a-c will be assumed to be rising 
edge detectors. CLKIN is received by rising edge detec- 
tor 96a, whose output is connected to OR gate 98. A 
clock generator, shown in Figure 8 as an SR (Set- 45 
Reset) flip-flop 312a, has its set input coupled to the 
output of OR gate 98. The SR flip-flop shown in Figure 
8 will output a high logic level after its set input (S) is set 
high and will maintain the high logic level until the reset 
input (R) is set high. After the reset input is set high, the 50 
SR flip-flop will output a low logic level until the set input 
is set high. The Q output of flip-flop 312a is the CORE- 
CLK signal. This signal is connected to delay stage 
314a, constructed similarly to programmable delay 
stage 14 described hereinabove. The output of delay 55 
stage 314a is connected to rising edge detector 96b. 
The output of rising edge detector 96b is connected to 
the reset input of flip flop 312a and to one input of AND 



gate 100. The output of rising edge detector 96a is also 
connected to the set input of SR flip-flop 312b. The Q 
output of SR flip-flop 312b (the "FIRST.CYCLE" signal) 
is coupled to the other input of AND gate 100. The out- 
put of AND gate 1 00 is connected to the set input of SR 
flip-flop 312c. The Q output of SR flip-flop 312c com- 
prises the "FIRST_PH2" signal which is input to delay 
stage 314b. The output of delay stage 314b is input to 
rising edge detector 96c. The output of rising edge 
detector 96c is connected to the reset inputs of SR flip- 
flops 312b and 312c and to the second input of OR gate 
98. 

[0083] The operation of the circuit of Figure 8 is best 
described in connection with the timing diagram of Fig- 
ure 9. Upon receiving an active (in this case, rising) 
edge of signal CLKIN, edge detector 96a outputs a 
pulse to one input of OR gate 98, thereby driving its out- 
put high. This causes the Q output of SR flip-flop 312a 
to transition high, hence driving signal CORECLK high. 
The pulse generated by rising edge detector 96a also 
drives the set input of SR flip-flop 312b, causing the 
FIRST_CYCLE signal to transition high. The transition 
from low to high of CORECLK is delayed through delay 
stage 314a (by a time period of 8 314a ) and then detected 
by rising edge detector 96b. In response to receiving the 
delayed rising edge of CORECLK, rising edge detector 
96b outputs a pulse to the reset input of SR flip-flop 
312a and to AND gate 100. In response to this pulse, 
SR flip-flop drives CORECLK low. Upon receiving the 
pulse from edge detector 96b, AND gate 100 outputs a 
high pulse to the set input of SR flip-flop 312c, thereby 
driving the FIRST_PH2 signal high. Signal FIRST.PH2 
is delayed by delay stage 314b. Thereafter, the low-to- 
high transition of FIRST_PH2 is detected by rising edge 
detector 96c. In response, edge detector 96c outputs a 
pulse to the reset inputs of SR flip-flops 312b and 312c 
and to OR gate 98. Consequently, signal CORECLK is 
driven high, signal FIRST_CYCLE is driven low and sig- 
nal FIRST_PH2 is driven low. The low-to-high transition 
of CORECLK is delayed through delay stage 314a and 
detected by edge detector 96b. Once again, edge 
detector 96b causes the SR flip-flop 312a to drive 
CORECLK low. Since signal FIRST_CYCLE is low, the 
pulse received by AND gate 100 from rising edge detec- 
tor 96b does not affect SR flip-flop 312c. The circuit 
remains in this state, with CORECLK in a low logic 
state, FIRST_CYCLE in an low logic state and 
FIRST_PH2 in a low logic state, until the next active 
edge is received from the CLKIN signal. 
[0084] This embodiment of the present invention pro- 
vides essentially the same output signal as the circuit of 
Figure 6 with significantly less circuitry. In effect, SR flip- 
flop 312b counts to "1" and then disables SR flip-flop 
312c from generating additional clocks. The circuit 
shown in Figure 8 could be expanded to generate addi- 
tional clocks responsive to an active CLKIN edge by set- 
ting the FIRST_CYCLE signal to "0" after counting a 
predetermined number of clock transitions. 
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[0085] Figures 10 and 11 illustrate another embodi- 
ment of the present invention, wherein the input clock 
signal CLKIN may be multiplied by a factor n, which may 
be stored in a register or hard-wired into the circuit. In 
the circuit of Figure 10, only two delay stages 414a-b 
and three edge detectors 102a-c are used, regardless 
of the value of n. Signal CLKIN is input to edge detector 
102a, whose output is received by one input of OR gate 
104. The output of edge detector 102a is also con- 
nected to the reset input of counter 106. The output of 
OR gate 104 is coupled to set input of SR flip-flop 412, 
whose Q output comprises the CORECLK signal. The 
CORECLK signal is input to delay stage 414a whose 
output is connected to the input of edge detector 102b. 
The output of edge detector 102b is coupled to the reset 
input of SR flip-flop 412 and to the increment input of 
counter 1 06. The Q output of SR flip-flop 41 2 is received 
by delay circuit 414b, whose output is coupled to edge 
detector 102c. The output of edge detector 102c is cou- 
pled to one input of AND gate 105. The output of AND 
gate 105 is coupled to the other input of OR gate 104. 
The output of counter 106 is coupled to one input of 
comparator 107. The value n, which may be hard-wired 
or stored in a register, is present on the other input of 
comparator 1 07. If the value of the output of counter 1 06 
is equal to the value of n, the output of comparator 107, 
the "match" signal, transitions high. The match signal is 
coupled to an inverted input of AND gate 105. 
[0086] The operation of the circuit of Figure 10 will be 
described using n=3. An active edge of the CLKIN sig- 
nal causes the edge detector 102a to generate a pulse 
which resets counter 106 and drives the set input of SR 
flip-flop 412 high, thereby causing a low-to-high transi- 
tion of the CORECLK signal. Upon reset, the counter 
106 outputs a count of zero, thereby driving the match 
signal low (unless n = 0, which would be an inappropri- 
ate setting for the circuit). The low-to-high transition of 
CORECLK is input to edge detector 102b after the delay 
through delay circuit 414a. When detected by edge 
detector 102b, a pulse is output to the reset input of SR 
flip-flop 412 and to the increment input of counter 106. 
Hence, this pulse causes CORECLK to driven low, 
CORECLK to be driven high and the counter 106 to be 
incremented by "1". The low-to-high transition of 
CORECL K is detected by edge detector 102c after the 
delay caused by delay stage 414b. In response, edge 
detector 102c outputs a pulse to AND gate 105. Since 
the match signal is low, this pulse passes through AND 
gate 105. The pulse output by AND gate 105 passes 
through OR gate 104 to the set input of SR flip-flop 412. 
Consequently, CORECLK is driven high. As previously 
described, the low-to-high transition of CORECLK is 
delayed through delay stage 414a and detected by 
edge detector 102b which outputs a pulse to drive 
CORECLK low and to increment the counter 106. Since 
the output of counter 1 06 now equals "2", the match sig- 
nal remains low, and detection by edge detector 102c of 
the delayed low-to-high transition CORECLK drives the 



output of AND gate 105 high, thereby causing a low-to- 
high transition of CORECLK. The low-to-high transition 
of CORECLK is delayed through delay stage 414a and 
detected by edge detector 102b which drives CORE- 

5 CLK low and increments the counter 106 to a count of 
"3". A count of "3" causes a match in comparator 107, 
thereby driving the match signal high. A high match sig- 
nal drives the output of AND gate 105 low regardless of 
the output of edge detector 102c. Therefore, the next 

w pulse from edge detector 102c caused by the low-to- 
high transition of CORECLK is blocked by AND gate 
105. Consequently, the CORECLK signal will remain in 
a low state until the next active edge of the CLKIN sig- 
nal. 

15 [0087] As can be seen, the number of clock cycles 
generated by SR flip-flop 412 in response to each active 
edge of the CLKIN signal is dependent on the value of 
n. The delay caused by delay stage 414a sets the time 
of the high logic level phase of that CORECLK. The 

20 delay generated by delay stage 414b sets the time of 
the low logic level phase of CORECLK except for the 
last low logic state which is determined not by the delay 
stage 414b, but instead by the occurrence of the next 
active edge of the CLKIN signal. 

25 [0088] Figures 12 and 13 illustrate a clock multiplying 
circuit using a single delay stage 514 to multiply an input 
clock by a factor of n. This circuit operates similarly to 
the circuit of Figure 10, except the delay stage 514 sets 
the times for both the high and low logic levels of output 

30 CORECLK. In operation, edge detector 108a detects 
the active edge of signal CLKIN. In response to detect- 
ing an active edge, 108a outputs a pulse to OR gate 104 
which drives the set input of SR flip-flop 512 high, 
thereby driving the CORECLK signal high. The pulse 

35 also resets counter 106. A low-to-high transition of 
CORECLK is delayed through delay stage 514 and 
input to falling edge detector 108b and rising edge 
detector 108c. In response to the low-to-high transition 
of CORECLK, edge detector 108c outputs a pulse to 

40 increment counter 1 06 and to drive the reset input of SR 
flip-flop 512 high, thereby driving CORECLK low. The 
match signal output from comparator 107 remains low 
until the value output from counter 106 equals the value 
n at the input of the comparator 107. The high-to-low 

45 transition of CORECLK is detected by falling edge 
detector 108b, after the delay caused by delay stage 
514. In response to detecting the high-to-low transition 
of CORECLK, edge detector 108b outputs a pulse to 
AND gate 105. While the match signal is low, a pulse 

so from edge detector 108b generates a similar pulse on 
the output of AND gate 105, which drives the set input 
of SR flip-flop 512 high, thereby causing a low-to-high 
transition of the CORECLK signal. 
[0089] Hence, the falling edge detector 108b detects 

55 a high-to-low transition of CORECLK after a delay spec- 
ified by the delay stage 514 and in response to such 
detection drives CORECLK high. Similarly, the rising 
edge detector 108c detects a low-to-high transition of 
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CORECLK after the delay specified by delay stage 514 
and drives CORECLK low in response thereto. Upon 
each high-to-low transition detected by rising edge 
detector 108c, the counter increments. When the output 
of the counter equals n t the match signal is driven high, 5 
thereby blocking the next pulse to output from falling 
edge detector 108b. Hence, CORECLK will remain in a 
low state until the next active edge of CLKIN, which 
resets counter 106. 

[0090] As can be seen, this circuit provides 50% duty 10 
cycle clocks using a single delay stage 514. Hence, the 
amount of circuitry needed to implement the clock mul- 
tiplier circuit can be greatly reduced. 
[0091] The present invention can thus be imple- 
mented to provide significant advantages over conven- 15 
tional clock doubling schemes. First, the present 
invention provides for the generation of an internal 
clock, at the fundamental frequency of the input clock 
signal or at multiples thereof, having a phase duration 
which is independent of the duty cycle of the input clock 20 
signal. As such, instabilities in the duty cycle of the input 
clock signal, or noise effects such as ringing and the 
like, do not significantly affect the internal clock signals, 
even at high frequencies such as above 25 MHz. Fur- 
thermore, the phase duration of the internal clock signal 25 
can be optimized according to the worst case logic path 
within the circuit, so that erroneous operation is avoided 
even for unstable duty cycle input clocks. In addition, the 
generation of the optimized phase duration by way of a 
delay stage may be done in such a manner as to accu- 30 
rately match variations in temperature, voltage, and 
manufacturing parameters, and in such a manner as to 
allow characterization and adjustment thereof. It is 
therefore contemplated that the present invention will 
greatly facilitate the generation of internal clock signals 35 
in high frequency integrated circuits, particularly those 
that operate over a wide operating power supply voltage 
range. 

[0092] The clock multiplier factor n may be hard-wired 
or stored in a memory, such that the number of output 40 
clock cycles triggered in response to an active edge of 
the input clock can be varied without changing the cir- 
cuit design. The clock multiplier can be implemented 
with as little as one delay circuit. 

[0093] While the invention has been described herein 45 
relative to its preferred embodiments, it is of course con- 
templated that modifications of, and alternatives to, 
these embodiments, such modifications and alterna- 
tives obtaining the advantages and benefits of this 
invention, will be apparent to those of ordinary skill in so 
the art having reference to this specification and its 
drawings. For example, either rising or falling edges of 
the input clock, or both, could be used to generate the 
multiplied clock. Further, logic other than SR flip-flops 
could be used to generate the clock transitions respon- 55 
sive to the output of the edge detectors. Also, as shown 
herein, the circuitry for counting clock transitions may be 
implemented using a general purpose counter or by dis- 



crete logic. The number of transitions to be counted may 
vary depending upon which signals are blocked in 
response to detection of a desired count. It is contem- 
plated that such modifications and alternatives are 
within the scope of the claimed invention. 

Claims 

1. Clock generating circuitry for generating output 
clock signals (CORECLK) responsive to an input 
clock signal (CLKIN), comprising: 

a resettable latch circuit (312a; 412; 512) for 
generating a sequence of output clock signal 
edges in response to the occurrence of a single 
active edge of said input clock signal; 
said latch circuit including a first input (S) cou- 
pled to receive a signal input from detection cir- 
cuitry (96a; 102a; 108a) in response to 
detection of said active edge of the input clock 
signal thereby causing a first output transition 
in a first direction of said latch circuit; 
said latch output being coupled by a delay 
means (314a; 414; 514) and a first active edge 
detector (96b; 102b; 108c) to another input (R) 
of the latch circuit to apply a signal input to said 
another input causing a latch output transition 
in an opposite direction from said first direction 
in response to detection of an output transition 
in the first direction, after a predetermined 
delay provided by said delay means; 
circuitry including a delay means (314b; 414b; 
514) coupled to a second active edge detector 
(96c; 102c; 108b) to detect delayed output tran- 
sitions of said latch circuit in a predetermined 
direction and in response to each detected 
transition to apply a further input to said first 
input of the latch circuit after a respective delay 
increment, each said further input causing 
another output transition of the latch circuit in 
the first direction; and 

circuitry (312b; 105-107) for inhibiting opera- 
tion of said latch circuit after generation of a 
predetermined number of output clock signal 
edges. 

2. The clock generating circuitry of Claim 1, wherein 
each said delay means is provided by a common 
delay means (514) having an output coupled to 
each of said first and second active edge detectors 
(108c, 108b), and wherein one of said first and sec- 
ond active edge detectors is a rising edge detector 
(108c) and the other is a falling edge detector 
(108b). 

3. The clock generating circuitry of Claim 1 or Claim 2, 
wherein said inhibiting circuitry is reset responsive 
to the detection of an active edge of said input clock 
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signal. 

4. The clock generating circuitry of any one of Claims 
1 to 3, wherein said inhibiting circuitry includes 
counting circuitry (106) for counting output clock 5 
signal edges; and wherein said edge generating in 
said latch circuit is inhibited in response to a com- 
parator output (MATCH) based on comparison of 
the count of the counting circuitry with a predeter- 
mined number (n). 10 

5. The clock generating circuitry of Claim 4 arranged 
so that the detection of said active edge of said 
input clock signal causes said counting circuitry to 
reset. 15 

6. The clock generating circuitry of any one of Claims 
1 to 5 arranged so that the detection of said active 
edge of said input clock signal causes said latch cir- 
cuit initially to set. 20 

7. The clock generating circuitry of Claim 1, wherein 
delayed outputs from said latch circuit are coupled 
to said first input of the latch circuit by a gating cir- 
cuit (100, 312c, 314b, 96c; 105) that is disabled by 25 
said inhibiting circuitry (31 2b; 1 06, 1 07) after gener- 
ation of said predetermined number of output clock 
signal edges. 

8. The circuitry of Claim 1 or Claim 2, wherein at least 30 
one of said predetermined delays is implemented 

by a plurality of logic elements, each corresponding 
to a different logic function (14f). 

9. The circuitry of Claim 1 or Claim 2, wherein at least 35 
one of said predetermined delays is implemented 

by a fixed delay stage (14f) in series with a variable 
delay stage (14v) comprising a plurality of delay 
elements (60); and a select circuit (64 1f 64 2 , 64 3 , 
62) selecting among said plurality of delay ele- 40 
ments to set the propagation delay of said variable 
delay stage. 

10. The circuitry of Claim 9, wherein said variable delay 
stage further comprises a plurality of programmable 45 
elements (77I) coupled to the select circuit of said 
variable delay stage (14v) and associated with each 

of said plurality of delay elements, each program- 
mable element indicating whether or not its associ- 
ated delay element is to be connected in series in so 
said variable delay stage. 

11. The circuitry of any one of Claims 8 to 10, further 
comprising: a plurality of multiplexers (70), each 
having a first input coupled to an associated pro- 55 
grammable element (77), each having a second 
input coupled to an associated select line (15), and 
each having a control input coupled to a test mode 
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input (TEST) to select, responsive to said test mode 
input, either its associated select line or its associ- 
ated programmable element for determining 
whether or not its associated delay element (60) is 
to be connected in series in said variable stage. 

12. A method of generating output clock signals 
(CORECLK) responsive to an input clock signal 
(CLKIN) by initiating a sequence comprising: 

operating a resettable latch circuit (312a; 412; 
512) to generate a series of output clock signal 
edges in response to the occurrence of a single 
active edge of said input clock signal; 
applying a signal input to a first input (S) of said 
latch circuit in response to detection of said 
active edge of the input clock signal thereby 
causing a first output transition of said latch cir- 
cuit in a first direction; 

after a predetermined delay causing a latch cir- 
cuit output transition in an opposite direction 
from said first direction in response to detection 
by a first active edge detector (96b; 102b; 
108c) of an output transition in the first direc- 
tion, by applying a signal input to another input 
(R) of said latch circuit; 

and then in response to detection by a second 
active edge detector (96c; 102c; 108b) of an 
output transition of said latch circuit in a prede- 
termined direction, applying a further input to 
said first input of the latch circuit after a prede- 
termined delay to cause another output transi- 
tion of said latch circuit in the first direction, to 
initiate repetition of said sequence; 
and inhibiting operation of said latch circuit 
after a selected number of repetitions of said 
sequence to generate a predetermined number 
of output clock signal edges. 

13. A method according to Claim 12, wherein a prede- 
termined number of output clock signal edges is 
generated by counting said output clock signal 
edges (COUNT) and comparing the count with a 
reference number (n) and inhibiting repetition of 
said sequence on completion of said count. 

14. A method according to Claim 13, wherein the count 
is reset (RESET) in response to the detection of 
said active edge of the input clock signal. 

15. A method according to any one of Claims 12 to 14, 
wherein said sequence is repeated following inhibi- 
tion of said sequence in response to a further input 
clock signal active edge. 

16. A method according to any one of Claims 12 to 14, 
wherein said predetermined delays are selectable. 



EP 0 570 158 B1 



15 



29 



EP 0 570 158 B1 



30 



17. A method according to Claim 12 or Claim 16, 
wherein said predetermined delays are determined 
by delay stages comprising fixed (14f) and variable 
(14v) delay elements. 

5 

Patentanspruche 

1. Takterzeugungsschaltung zum Erzeugen von Aus- 
gangstaktsignalen (CORECLK) als Reaktion auf 
ein Eingangstaktsignal (CLKIN), die aufweist: 10 

eine riicksetzbare Signalspeicherschaltung 
(312a; 412; 512) zum Erzeugen einer Folge 
von Ausgangstaktsignalflanken als Reaktion 
auf das Auftreten einer einzigen aktiven Flanke 15 
des Eingangstaktsignals; 

wobei die Signalspeicherschaltung einen 
ersten Eingang (S) beinhaltet, der derart 
gekoppelt ist, dali er ein von einer Erfassungs- 20 
schaltung (96a; 102a; 108a) als Reaktion auf 
ein Erfassen der aktiven Flanke des Eingangs- 
taktsignals eingegebenes Signal aufnimmt, um 
dadurch einen ersten Ausgangssignaliiber- 
gang in einer ersten Richtung der Signalspei- 25 
cherschaltung zu bewirken; 

wobei der Signalspeicherausgang durch eine 
Verzogerungseinrichtung (314a; 414; 514) und 
eine ersten Vorrichtung (96b; 102b; 108c) zum 30 
Erfassen einer aktiven Flanke mit einem ande- 
ren Eingang (R) der Signalspeicherschaltung 
gekoppelt ist, um ein in den anderen Eingang 
eingegebendes Signal anzulegen, was einen 
Ausgangssignaliibergang in einer entgegenge- 35 
setzten Richtung zu der ersten Richtung als 
Reaktion auf ein Erfassen eines Ausgangssi- 
gnalubergangs in der ersten Richtung nach 
einer von der Verzogerungseinrichtung vorge- 
sehenen Verzogerung bewirkt; 40 

eine Schaltung mit einer Verzogerungseinrich- 
tung (314b; 414b; 514), die mit einer zweiten 
Vorrichtung (96c; 102c; 108b) zum Erfassen 
einer aktiven Flanke gekoppelt ist, um verzo- 45 
gerte Ausgangssignalubergange der Signal- 
speicherschaltung in einer vorbestimmten 
Richtung zu erfassen und als Reaktion auf 
jeden erfafcten Obergang ein weiteres Ein- 
gangsstgnal an den ersten Eingang der Signal- so 
speicherschaltung nach einer jeweiligen 
Verzogerungserhdhung anzulegen, wobei 
jedes weitere Eingangssignal einen anderen 
Ausgangssignaliibergang der Signalspeicher- 
schaltung in der ersten Richtung bewirkt; und 55 

eine Schaltung (312b; 105 bis 107) zum Sper- 
ren eines Betriebs der Signalspeicherschal- 



tung nach einem Erzeugen einer 
vorbestimmten Anzahl von Ausgangstaktsi- 
gnalflanken. 

2. Takterzeugungsschaltung nach Anspruch 1 , bei der 
die Verzogerungseinrichtung mittels einer gemein- 
samen Verzogerungseinrichtung (514) vorgesehen 
ist, die einen Ausgang aufweist, der mit jeder der 
ersten und zweiten Vorrichtungen zum Erfassen 
einer aktiven Flanke gekoppelt ist, und bei der eine 
der ersten und zweiten Vorrichtungen zum Erfas- 
sen einer aktiven Flanke eine Vorrichtung (108c) 
zum Erfassen einer Anstiegsflanke und die andere 
eine Vorrichtung (1 08b) zum Erfassen einer Abfalls- 
flanke ist. 

3. Takterzeugungsschaltung nach Anspruch 1 oder 
Anspruch 2, bei der die Sperrschaltung als Reak- 
tion auf das Erfassen einer aktiven Flanke des Ein- 
gangstaktisgnals ruckgesetzt wird. 

4. Takterzeugungsschaltung nach einem der AnsprCi- 
che 1 bis 3, bei der die Sperrschaltung eine Zahl- 
schaltung (106) zum Zahlen von 
Ausgangstaktsignalflanken beinhaltet und bei der 
das Erfassen einer Flanke in der Signalspeicher- 
schaltung als Reaktion auf ein Vergleicheraus- 
gangssignal (MATCH) auf der Grundlage eines 
Vergleichs des Zahlwerts der Zahlschatung mit 
einer vorbestimmten Anzahl (n) gesperrt wird. 

5. Takterzeugungsschaltung nach Anspruch 4, die 
derart angeordnet ist, dafi das Erfassen der aktiven 
Flanke eines Eingangstaktsignals bewirkt, daft die 
Zahlschaltung ruckgesetzt wird. 

6. Takterzeugungsschaltung nach einem der Anspru- 
che 1 bis 5, die derart angeordnet ist, dad das 
Erfassen der aktiven Flanke des Eingangstaktsi- 
gnals bewirkt, dafi die Signalspeicherschaltung 
anfanglich gesetzt wird. 

7. Takterzeugungsschaltung nach Anspruch 1 , bei der 
die verzogerten Ausgangssignale aus der Signal- 
speicherschaltung durch eine Gatterschaltung 
(100, 312c, 314b, 96c; 105), die durch die Sperr- 
schaltung (312b; 106, 107) nach einem Erzeugen 
der vorbestimmten Anzahl von Ausgangstaktsignal- 
flanken gesperrt wird, an den ersten Eingang der 
Signalspeicherschaltung gekoppelt werden. 

8. Schaltung nach Anspruch 1 oder Anspruch 2, bei 
der mindestens einer der vorbestimmten Verzoge- 
rungen durch eine Mehrzahl von logischen Elemen- 
ten ausgefuhrt ist, von denen alle einer 
unterschiediichen logischen Funktion (14f) entspre- 
chen. 
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9. Schaltung nach Anspruch 1 Oder Anspruch 2 t bei 
der mindestens eine der vorbestimmten Verzoge- 
rungen durch eine teste Verzogerungsstufe (14f) in 
Reihe zu einer veranderbaren Verzogerungsstufe 
(14v) ausgefuhrt ist, die eine Mehrzahl von Verzo- 5 
gerungselementen (60) aufweist; und eine Aus- 
wahlschaltung (64 1t 64 2 , 64 3 , 62) zwischen der 
Mehrzahl von Verzogerungselementen auswahlt, 
um die Ubertragungsverzogerung der veranderba- 
ren Verzogerungsstufe einzustellen. 10 

10. Schaltung nach Anspruch 9, bei der die verander- 
bare Verzogerungsstufe weiterhin eine Mehrzahl 
von programmierbaren Elementen (771) aufweist, 

die mit der Auswahlschaltung der veranderbaren 15 
Verzogerungsstufe (14v) gekoppelt ist und jeder 
der Mehrzahl von Verzogerungselementen zugehd- 
rig ist, wobei jedes programmierbare Element 
anzeigt, ob ihr zugehoriges Verzogerungselement 
in Reihe zu der veranderbaren Verzogerungsstufe 20 
zu schalten ist Oder nicht. 

11. Schaltung nach einem der Anspruche 8 bis 10, die 
weiterhin aufweist: eine Mehrzahl von Multiplexern 
(70), von denen jeder einen ersten Eingang auf- 25 
weist, der mit einem zugehorigen prgrammierbaren 
Element (77) gekoppelt ist, von denen jeder einen 
zweiten Eingang aufweist, der mit einer zugehori- 
gen Auswahlleitung (15) gekoppelt ist, und von 
denen jeder einen Steuereingang aufweist, der mit 30 
einem Testbetriebseingang (TEST) gekoppelt ist, 

um als Reaktion auf den Testbetriebseingang ent- 
weder seine zugehorige Auswahlleitung oder sein 
zugehoriges programmierbares Element zum 
Bestimmen auszuwahlen, ob das zugehorige Ver- 35 
zdgerungselement (60) in Reihe zu der verander- 
baren Stufe zu schalten ist oder nicht. 

12. Verfahren zum Erzeugen von Ausgangstaktsigna- 

len (CORECLK) als Reaktion auf ein Eingangstakt- 40 
signal (CLKIN) durch Einleiten einer Folge, die 
aufweist: 

Betatigen einer rucksetzbaren Signalspeicher- 
schaltung (312a; 412; 512), um eine Reihe von 45 
Ausgangstaktsignalflanken als Reaktion auf 
das Auftreten einer einzigen aktiven Flanke 
des Eingangstaktsignals zu erzeugen; 

Anlegen eines Signals, das als Reaktion auf so 
ein Erfassen der aktiven Flanke des Eingangs- 
taktsignals in einen ersten Eingang (S) der 
Signalspeicherschaltung eingegeben wird, um 
dadurch einen ersten Ausgangssignaluber- 
gang der signalspeicherschaltung in einer 55 
ersten Richtung zu bewirken; 

nach einer vorbestimmmten Verzogerung, 



Bewirken eines Signalspeicherschaltungs-Aus- 
gangssignaliibergangs in einer entgegenge- 
setzten Richtung zu der ersten Richtung als 
Reaktion auf ein Erfassen eines Ausgangssi- 
gnalubergangs in der ersten Richtung durch 
eine erste Vorrichtung (96b; 102b; 108c) zum 
Erfassen einer aktiven Flanke durch Anlegen 
eines Signals, das in einen anderen Eingang 
(R) der Signalspeicherschaltung eingegeben 
wird; 

und dann als Reaktion auf ein Erfassen eines 
Ausgangssignalubergangs der Signalspeicher- 
schaltung in einer vorbestimmten Richtung 
durch eine zweite Vorrichtung (96c; 102c; 
108b) zum Erfassen einer aktiven Flanke, 
Anlegen eines weiteren Eingangssignals an 
den ersten Eingang der Signalspeicherschal- 
tung nach einer vorbestimmten Verzogerung, 
um einen anderen Ausgangssignalubergang 
der Signalspeicherschaltung in der ersten 
Richtung zu bewirken, um ein Wiederholen der 
Folge einzuleiten; 

und Sperren eines Betriebs der Signalspei- 
cherschaltung nach einer ausgewahlten 
Anzahl von Wiederholungen der Folge, um 
eine vorbestimmte Anzahl von Ausgangstaktsi- 
gnalflanken zu erzeugen. 

13. Verfahren nach Anspruch 12, bei dem eine vorbe- 
stimmte Anzahl von Ausgangstaktsignalflanken 
durch Zahlen der Ausgangstaktsignalflanken 
(COUNT) und Vergleichen des Zahlwerts mit einer 
Referenzanzahl (n) und Sperren des Wiederholens 
der Folge nach Vervollstandigen des Zahlwerts 
erzeugt wird. 

14. Verfahren nach Anspruch 13, bei dem derZahlwert 
als Reaktion auf das Erfassen der aktiven Flanke 
des Eingangstaktsignals ruckgesetzt (RESET) 
wird. 

15. Verfahren nach einem der Anspruche 12 bis 14, bei 
dem die Folge nach einem Sperren der Folge als 
Reaktion auf eine weitere aktive Flanke des Ein- 
gangstaktsignals wiederholt wird. 

16. Verfahren nach einem der Anspruche 12 bis 14, bei 
dem die vorbestimmten Verzogerungen auswahl- 
bar sind. 

17. Verfahren nach Anspruch 12 oder Anspruch 16, bei 
dem die vorbestimmten Verzogerungen durch Ver- 
zogerungsstufen bestimmt werden, die feste (14f) 
und veranderbare (14v) Verzogerungselemente 
aufweisen. 
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Revendi cations 

1. Circuit de generation d'horloge destine a generer 
des signaux d'horloge de sortie (CORECLK) en 
reponse a un signal d'horloge d'entree (CLKIN), 5 
comportant : 

un circuit de bascule repositionnable (312a ; 
412 ; 512) destine a generer une sequence de 
flancs de signaux d'horloge de sortie en 10 
reponse a I'apparition d'un flanc actif unique 
dudit signal d'horloge d'entree ; 
ledit circuit de bascule comprenant une pre- 
miere entree (S) couplee de facon a recevoir 
un signal d'entree provenant d'un circuit de 15 
detection (96a ; 102a; 108a) en reponse a une 
detection dudit flanc actif du signal d'horloge 
d'entree, provoquant ainsi une premiere transi- 
tion de la sortie dans un premier sens dudit cir- 
cuit de bascule ; 20 
ledit circuit de la bascule etant couple a un 
moyen a retard (314a ; 414 ; 514) et un premier 
detecteur de flanc actif (96b ; 102b, 108c) a 
une autre entree (R) du circuit de bascule pour 
appliquer une entree de signal a ladite autre 25 
entree, provoquant une transition de la sortie 
de la bascule dans un sens oppose audit pre- 
mier sens en reponse a une detection d'une 
transition de sortie dans le premier sens, apres 
un retard predetermine etabli par ledit moyen a 30 
retard ; 

un circuit comprenant un moyen a retard (314b 
; 414b ; 514) couple a un second detecteur de 
flanc actif (96c ; 102c ; 108b) pour detecter des 
transitions de sortie retardee dudit circuit de 35 
bascule dans un sens predetermine et, en 
reponse a chaque transition detectee, pour 
appliquer une autre entree a ladite premiere 
entree du circuit de bascule apres un incre- 
ment de retard respectif, chaque autre entree 40 
provoquant une autre transition de sortie du cir- 
cuit de bascule dans le premier sens ; et 
un circuit (312b ; 105-107) destine a inhiber le 
fonctionnement dudit circuit de bascule apres 
la generation d'un nombre predetermine de 45 
flancs de signaux d'horloge de sortie. 

2. Circuit de generation d'horloge selon la revendica- 
tion 1, dans lequel chaque moyen a retard est pro- 
cure par un moyen a retard commun (514) ayant 50 
une sortie couplee a chacun desdits premier et 
second detecteurs de flanc actifs (108c, 108b), 
dans lequel I'un desdits premier et second detec- 
teurs de flancs actifs est un detecteur (108c) de 
flanc montant et I'autre est un detecteur (108b) de 55 
flanc descendant. 

3. Circuit de generation d'horloge selon la revendica- 
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tion 1 ou la revendication 2, dans lequel ledit circuit 
d'inhibition est repositionne en reponse a la detec- 
tion d'un flanc actif dudit signal d'horloge d'entree. 

4. Circuit de generation d'horloge selon Tune quelcon- 
que des revendications 1 a 3, dans lequel ledit cir- 
cuit d'inhibition comprend un circuit de comptage 
(106) destine a compter des flancs de signaux 
d'horloge de sortie ; et dans lequel ladite genera- 
tion de flancs dans ledit circuit de bascule est inhi- 
bee en reponse a une sortie d'un comparateur 
(MATCH) basee sur une comparaison du comptage 
du circuit de comptage avec un nombre predeter- 
mine (n). 

5. Circuit de generation d'horloge selon la revendica- 
tion 4, agence de facon que la detection dudit flanc 
actif dudit signal d'horloge d'entree provoque une 
remise a zero dudit circuit de comptage. 

6. Circuit de generation d'horloge selon I'une quelcon- 
que des revendications 1 a 5, agence de facon que 
la detection dudit flanc actif dudit signal d'horloge 
d'entree provoque un positionnement initial dudit 
circuit de bascule. 

7. Circuit de generation d'horloge selon la revendica- 
tion 1, dans lequel des sorties retardees dudit cir- 
cuit de bascule sont couplees a une premiere 
entree du circuit de bascule par un circuit de 
declenchement (100 ; 312c, 314b, 96c ; 105) qui est 
invalide par ledit circuit d'inhibition (312b ; 106, 107) 
apres la generation dudit nombre predetermine de 
flancs de signaux d'horloge de sortie. 

8. Circuit selon la revendication 1 ou la revendication 
2, dans lequel au moins I'un desdits retards prede- 
termines est etabli par plusieurs elements logiques 
correspondant chacun a une fonction logique diffe- 
rente (14f). 

9. Circuit selon la revendication 1 ou la revendication 
2, dans lequel au moins I'un desdits retards prede- 
termines est etabli par un etage a retard fixe (14f) 
en serie avec un etage a retard variable (14v) com- 
portant plusieurs elements a retard (60) ; et un cir- 
cuit de selection (64 1? 64 2 , 64 3 , 62) selectionnant 
parmi ladite pluralite d'elements a retard pour eta- 
blir le retard de propagation dudit etage a retard 
variable. 

10. Circuit selon la revendication 9, dans lequel ledit 
etage a retard variable comporte en outre plusieurs 
elements programmables (771) couples au circuit 
de selection dudit etage a retard variable (14v) et 
associes a chacun de ladite pluralite d'elements a 
retard, chaque element programmable indiquant si 
son element a retard associe doit etre ou non con- 
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necte en serie dans ledit etage a retard variable. 

11. Circuit selon I'une quelconque des revendications 8 
a 10, comportant en outre : plusieurs multiplexeurs 
(70) ayant chacun une premiere entree couplee a s 
un element programmable associe (77), ayant cha- 
cun une seconde entree couplee a une ligne de 
selection associee (15), et ayant chacun une entree 
de commande couplee a une entree de mode de 
test (TEST) pour selectionner, en reponse a ladite w 
entree de mode de test, soit sa ligne de selection 
associee, soit son element programmable associe 
afin de determiner si son element a retard associe 
(60) doit ou non etre connecte en serie dans ledit 
etage variable. is 



12. Procede de generation de signaux d'horloge de 
sortie (CORECLK) en reponse a un signal d'hor- 
loge d'entree (CLKIN) en declenchant une 16. 
sequence comprenant : 20 

la mise en action d'un circuit de bascule reposi- 
tionnable (312a ; 412 ; 512) pour generer une 17. 
serie de flancs de signaux d'horloge de sortie 
en reponse a I'apparition d'un flanc actif unique 25 
dudit signal d'horloge d'entree ; 
I'application d'une entree de signal a une pre- 
miere entree (S) dudit circuit de bascule en 
reponse a la detection dudit flanc actif du signal 
d'horloge d'entree afin de provoquer une pre- 30 
miere transition de la sortie dudit circuit de bas- 
cule dans un premier sens ; 
apres un retard predetermine, le fait de provo- 
quer une transition de la sortie du circuit de 
bascule dans un sens oppose audit premier 35 
sens en reponse a une detection par un pre- 
mier detecteur (96b ; 102b ; 108c) de flanc actif 
d'une transition de la sortie dans le premier 
sens, en appliquant une entree de signal a une 
autre entree (R) dudit circuit de bascule ; 40 
puis, en reponse a une detection par un 
second detecteur (96c ; 102c ; 108b) de flanc 
actif d'une transition de la sortie dudit circuit de 
bascule dans le sens predetermine, Implica- 
tion d'une autre entree a ladite premiere entree 45 
du circuit de bascule apres un retard predeter- 
mine pour provoquer une autre transition de 
sortie dudit circuit de bascule dans le premier 
sens afin d'amorcer une repetition de ladite 
sequence ; so 
et une operation d'inhibition dudit circuit de 
bascule apres un nombre selectionne de repe- 
titions de ladite sequence pour generer un 
nombre predetermine de flancs de signaux 
d'horloge de sortie. 55 

13. Procede selon la revendication 12, dans lequel un 
nombre predetermine de flancs de signaux d'hor- 



loge de sortie est genere par un comptage desdits 
flancs de signaux d'horloge de sortie (COUNT) et 
une comparaison du comptage a un nombre de 
reference (n) et une inhibition de la repetition de 
ladite sequence a la suite de I'achevement dudit 
comptage. 

14. Procede selon la revendication 13, dans lequel le 
comptage est remis a zero (RESET) en reponse a 
la detection dudit flanc actif du signal d'horloge 
d'entree. 

15. Procede selon I'une quelconque des revendications 
12 a 14, dans lequel ladite sequence est repetee a 
la suite d'une inhibition de ladite sequence en 
reponse a un autre flanc actif du signal d'horloge 
d'entree. 



Procede selon I'une quelconque des revendications 
12 a 14, dans lequel lesdits retards predetermines 
peuvent etre selectionnes. 

Procede selon la revendication 12 ou la revendica- 
tion 16, dans lequel lesdits retards predetermines 
sont determines par des etages a retard compre- 
nant des elements a retard fixes (14f) et variables 
(14v). 
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FIG. 4b 
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